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ABSTRACT 

This report describes a Langlie "One-Shot" Test Method program for the HP-4 I CV/X 
calculator. The use of the calculator allows the user the freedom to implement this testing 
method at any site without reliance on the facilities computer. 
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I. INTRODUCTION 

Explosive component designers need to test the sensitivity of some unit response as a 
function level of stress, for example, the sensitivity of a detonator or ignitor bridgewire to 
input current. There exists a threshold level, above which the detonator will function and 
below which it will not. Statistical testing of explosive components often requires 
destructive testing of expensive hardware. If the unit functions, it is destroyed: and if i t  
doesn't fire, the results from any further testing cannot be relied on because the initial test 
affects the detonator. In order to obtain meaningful results and not expend a large number 
of units. the Langlie "One-Shot" Method of testing is employed. Typical component 
attributes that require Langlie testing include "all-fire and "no-fire" tests to determine 
tlireshold levels of performance. Generally, any sensitivity testing lends itself to the Langlie 
method. This method has also been shown to be insensitive to design.2 

Typically. support test groups and venders implement the test method with their own 
computers. The method is subject to some interpretation which may lead to inconsistency in 
results from facility to facility. Another concern is that an error made in choosing a 
stimulus level will affect subsequent levels resulting in an analysis that is not a true Langlie. 
A program has been written for the HP-4ICV/X calculator in order to standardize the 
Langlie test procedures at the various facilities and to minimize the possibilities of 
introducing errors in the test method. A distinct advantage of using the calculator is the 
ability to hand carry it in the field and perform the Langlie test method at reniote locations. 
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11. EXPLANATION 

The folJowing excerpt is from a paper entitled "A Reliability Test Method for 
"One-Shot" Items." by H. J. Lang1ie.l written August IO, 1962. Here, Langlie explains 
how the stress levels are selected. 

Selecting the Stress Levels 

"Once the test interval and failure criteria have been established, the test 
commences by selecling the stress level at the midpoint of the inteival. 
After exposing the first specimen to this environmental level and 
activating it. a one or zero is recorded to indicate the outcome as a 
success or failure respectively (see Figure I ) .  

"The general rule for obtaining the (n + stress level. having completed 
n trials, is to work backward in the test sequence. starting at the ntll trial, 
until a previous trial (call it the ptI1 trial) is found such that there are as 
many successes as failures in the plll through nttl trial. The (n+ lyt stress 
level is then obtained by averaging the nth stress level with the pth stress 
level. If there exists no previous stress level satisfying the requirement 
stated above, then the (n + 1 stress level is obtained by averaging the nth 
stress level with the lower or upper limits of the test interval according to 
whether the nth result was a failure or a success. 

"To illustrate, suppose it is desired to find the second stress level in 
Figure I .  Since there was only one previous observation (i.e.. first unit 
failed), it is not possible to find a stress level where all intervening results 
even out. That is, the second stress level is obtained by averaging the 
first with the lower limit. To find the eighth stress level. it observed that 
results from tests 4 through 7 (i.e., the last four results) cancel each other 
out. Thus, the eighth stress level is obtained by averaging the fourth 
level with the seventh. 

"As a final example, i t  is observed that after the twelfth test has been 
completed, there again exists no previous stress level for which the 
number of failures equals the number of successes. Since the twelfth test 
was a failure. the thirteenth stress level is obtained by averaging the 
twelfth stress level with the lower limit." 



The flow chart (Figure 2) serves to illustrnte the logic for choosing the proper stress 
levels. The math table (Figure 3) illustrates step by step the coniputations used in Langlie's 
example. 

The One-Shot method also assumes that the tolerance distribution is normal. Langlie 
gives no procedure for checking the validity of this assumption.2 

It is very important to have a clear definition of what constitutes a failure or a success 
in any particular test. This definition is important in determining the next test level 
wheneve? the upper and lower limits must be used. In Langlie's example, achieving output 
from the device is a failure and not achieving output is a success. This would also be the 
case when running a no-fire test on detonators arid ignitors. In the case of an all-fire test, 
achieving output is a success and no output is a failure. 
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lnput Initial Conditions 
Upper Limit = UL 
Lower Limit = LL 

-. 

a I -+ 
Find Level (n + I ) :  
I )  Slan @ Level,,,, 
2) Find previous trial so that 

there are the same number of 
successes as failures between 

I 
Cannot find (p) ' 

1 

L(,,, = Failure -L(,,) = Success 

i I 

IO 

Figure 2. Logic Flow Chart 



COMPUTING THE STRESS LEVELS 

Upper Limit = 350 degrees F 
Lower Limit = 100 degrees F 

If the Thermal Battery ignites at a temperature level, that is defined as a FAILURE or 
NOGO. 

Test # Level Result Corn putat ion 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I I  
12 
13 
14 
15 

22s 
I63 
I 94 
178 
I86 
268 
227 
203 
2 I5 
24 1 
228 
216 
I58 
187 
172 

NoGo 
Go 
NoGo 
G O  

Go 
NoGo 
NoGo 
G O  

Go 
NoGo 
NoGo 
NoGo 
Go 
NoGo 
Go 

IO0 + ((350- I00)/2) 
1 0 0  + ((225- 100)/2) 
163 +((225- 163)/2) 
I63 +(( 194- 163)/2) 
I78 + (( 194- 178)/2) 
I 86 + (( 350- 186)/2) 
186 + ((268- 186)/2) 
I 78 + ((227- 178)/2) 
203 + ((227-203)/2) 
215+((268-215)/2) 
2 15 +((24 1-2 I5)/2) 
2 15 +((228-203)/2) 
100 + ((2 16- 100)/2) 
158 +((2 16- l58)/2) 
I58 +(( 187-158)/2) 

Figure 3. Computing the Stress Levels 



111. PROGRAM OVERVIEW 

This program was written for an HP-4lCVIX calculator using the printer accessory. Its 
print-out consists of five sections: 

( 1 )  
the test. I t  asks for the test series identification, upper and lower limits, number of 
decimal places displayed in the level, what the stimulus is, and whether or riot the user 
wants running statistics. 

Test Information. This section asks the user for information necessary to start 

(2) 
whether the event was successful or a failure. 

Test Data. This section informs the user what stimulus levels to use and asks 

(3) 
deviation using the HP-4 I CVIX functions. These are delined as: 

Statistics. This section computes the mean stimulus level as well as the standard 

Mean: 

x = Cxln 

Standard Deviation: 

(4) 
visualaid in determining if' the numbers look reasonable. 

Plot of Stimulus. This section draws a stimulus plot in order to give the user a 

( 5 )  
inputting for the ASENT program. 

Table. This section tabulates the test results in a form that lends itself easily to 

The code itself consists of the main program called "LANGLIE." This program calls 
six subprograms: "STAT," "STATS," "MATHCAL," "TESTSEQ," "PLOT," "TABLE. '' 

The program flow chart (Figure 4) is provided in order to illustrate the interaction of 
the seven programs. This program was field tested with the MRC/Mound Facility computer 
on the recent all-fire and no-fire testing of the MC3748 Insertable Initiator. The results 
were identical. 

12 



I- 
CY 
a 

LL 

t 
I 1 t ,  

CQ 

t- 
E 

a a I- 

cl 
k ca c u 

rl 

13 



IV. PROCEDURE 

In order to nin this program. i t  must be stored in the calculator memory. You can type 
it in or I have copies on the magnetic strips that can be read with a card reader. 

Before running the program, enough registers must be set aside for data storage. To 
accomplish this, use the size command."EXQ alpha SIZE alpha 100." The program uses 
some coniniands that are stored in the printer; therefore, the program will - not run without 
the printer. The printer mode switch is to be set on manual. 

To run the Program enter: "EXQ alpha LANGLIE alpha." Press the R/S button after 
each response that you key in. 

The maximum number of units to be tested in any one run is thirty (30). 

The output listing is shown in Appendix A. This run is a duplication of the "Themid 
Battery" test that was described earlier in the article by Langlie. The actual program 
listings of the seven programs are listed in Appendix B. A listing of the memory registers 
and what they contain at the end of the run is in Appendix C. Appendix D contains all the 
program listings in bar code. 
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Appendix A 

ONE SHOT 
TESTZNG 

H.J. LRNGLIE 
METHOD 

TEST 
INFORMRTION 

?TEST I . D .  
S R W L E  

NUM OF DECIMRLS 

tCO LIfl!T 

tNO-CCI L IRIT  

?UNIT VALUE 
DE:. F 

1. **a 

350.e *** 
180.6 *** 

t N U M  OF TESTS 
(MRX OF 36:. 

15. *** 
RUNNING S T R X  
t Y  OR N 
N 

TEST 
DRTR 

TEST NUMBER 1. 
SET LEVEL TO = 
225.8 D E L  F 
FIRE 
?GO OR NO-GO 
GO 

TEST MMBER 2. 
SET LEVEL TO = 
162.5 D E L  F 
FIRE 
tGO OR NO-GO 
NO 

TEST NUMBER 3. 
SET LEVEL TO = 
193.8 DEC. F 
FIRE 
tco OR NO-GO 
GO 

TEST NUMGER 4. 
SET LEVEL TO = 
178.2 DEL. F 
FIRE 
tG0 O f  NO-GO 
NO 

TEST MmBER 5. 
SET LEVEL TO = 
186.6 DEL F 
FIRE 
tGD OR NO-GO 
NO 

TEST W E R  6. 
XT L M L  TO = 
268.8 DEC. F 
FIRE 
t60 OR NO-GO 
60 

TEST NUMBER 7. 
SET LEVEL TO = 

FIRE 
tw) OR no-GO 
60 

TEST M E R  8. 
# T L m L T O =  
292.6 DEC. F 
FIRE 
?GO OR NO-GO 
m, 

227.8 EC. F 

TEST NWIEEP 9. 
SET LEVEL TO = 
214.8 KC. F 
FIRE 
t C O  OR NO-GO 
HO 

TEST W B E F  le. 
SET LEVEL TO = 
241.4 IEC.  F 
FIRE 
tGO OR NO-GO 
GO 

TEST NUMBEP 11.  
SET LEVEL TO = 
22S.l DEC. F 
FIRE 
tCO OR NO-GO 
GO 

TEST NUHBEP 12. 
SET LEVEL TO = 
215.4 DEL. F 
FIRE 
tCO OR NO-GO 
GO 

TEST NUMEEP 15. 
SET LEVEL TO = 
157.7 DEL. F 
FIRE 
tGO OR NO-GO 
NO 

TEST M B E R  14. 
SET LEVEL TO = 
186.6 DEL. F 
FIRE 
t C O  OR NO-GO 
GO 

TEST HUHBER 15. 
SET LEVEL TO = 
172.2 PEG. F 
FIRE 
?GO OR H M O  
NO 

MEQN 
STIMULUS 

E l +  284.6 kr. I 

STQNDQRD 
DEVIFIT ION 

ST. BB.+ 31.1 de¶. f 



Appendix  A 

PLOT 
OF 
STIHULUS 

X=TEST WUHBER 
Y=STII(ULUS DEG. F 

X (UNITS= 1 N  
Y (WITS= 1.)  + 

w e .  358. 
284. 

I I ______- 1 ___------ 
1. : i  
2. I : 
3. I! 
4. I : 
5.  + I  
6. I +  
7. : i  
6. I 
9. I+ 

l e .  l i  
I i .  ! I  
12. :i 
13. I : 
14. I :  
15. I ! 

TEST 
RESULTS 

W L E  

TEST LEVEL 6o/M 

1: - 225.8- ' G O  

2.' * 162.5' 'NO 

3.' * 193.8' 'CO 

4. '  ' 178.2' 'NO 

5.' - 186.9' 'NO 

6: 268.8' 'GO 

7.' * 227.9' 'C@ 

8.' * 282.6' 'NO 

9.' . 214.8' 'NC 

18.' * 241.4- .GO 

11.' . 228.1' 'GO 

12: 215.4' 'GO 

13.- - 157.7' 'NO 

14.' 186.6' 'GO 

15.' 172.2' 'NO 

RWOTHER RUN? 
tY OR N 
H 

R I D  OF RUN 
r .  r. koocrtuski 
division 2512 
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02 CLRC 
03 CLI: 
64 ZREC 82 
05 20 
66 STO 84 
07 21 
66 STO 17 
69 51 
10 STO 05 

12 'NO' 
13 ASTO 00 
14 ' Y '  

16 SF 12 
17 'ME SHOT' 
18 PRR 
19 'TESTING' 
26 PRP 
21 RDY 
22 'H.J. LRNCLIE' 
23 PRR 
24 'METHOD' 
25 PRR 
26 RDV 
27 RDV 

29 SF 12 
30 'TEST' 
31 PRR 
32 'INFMIMRTIOH' 
33 PRR 
34 RDV 
35 CF 12 
36 'tTEST 1.D.- 
37 PRR 

39 TONE 8 
40 PROMPT 
41 PUR 
42 RSTO 96 
43 ROFF 
44 RDY 

46 PRR 
47 TMR 8 
48 PROnPT 
49 STO 96 
58 PRX 
51 CLX 
52 F I X  IlID 98 
SJ 'tM LIMIT' 
54 TONE 8 
55 PRMPT 
56 PRO 
57 ENTERt 
58 PRX 
59 STO 01 
68 STO 63 

-3 11 F I X  0 

15 RSTO 9: 

28 RBV 

38 Ron 

45 -HUM w m m m s -  

Appendix Langl ie 
bl 'TNU-bU L l n l l '  
62 TONE E 
63 PROMPT 
64 PRR 
65 STO 82 
66 STO 07 
67 PPX 
68 ' t W ( I T  VRLUE' 
69 TONE 8 
78 PRR 
71 TONE 8 
naoN 
73 PROMPT 
74 PRA 
75 RSTO 14 
76 ROFF 
77 - - 
78 RSTO 15 
T9 F I X  0 
88 RDY 
81 *tHUH OF TESTS' 
82 PRR 
83 '(IIRX OF 36)' 
84 TONE 8 
85 PROHPT 
86 PRA 
87 STO 66 
88 PRX 
89 FIX IHD 98 
90 ADY 
91 'RUNNING STATS' 
92 PRR 
93 'tY OR N' 
94 PRR 
95 TOME 8 
% Am 
97 PROW1 
98 PRR 

180 CLR 
101 RRCL 97 
162 RSTO X 
163 X=Y? 
164 SF 65 
18: ROFF 
106 RDV 
167 RW 
188 SF 12 
109 'TEST' 
116 PRO 

112 PRA 
113 CF 12 
114 ADV 

99 aslo Y 

111 w a -  

lis XEP -mm- 
116 apv 
117 CF 05 
118 RW 
119 CU 
120 XER 'STRTS' 

121 RBV 
122 ADY 
123 XER 'PLOT' 
124 RDV 
125 END 



81 *lBL 'TESTSEQ' 
62 'SET LEVEL TO = *  
63 RVIEd 
64 CLG 

96 RRCL 15 
67 ARCL 14 
88 AVIEY 
99 'FIRE' 
18 RVIEY 
11 TONE 9 

13 TONE 7 
14 TONE 6 
15 TONE 5 
16 TONE 4 
17 TONE 3 
18 TONE 2 
19 TONE 1 

21 CLX 
22 CLR 
23 'tGO OR NO-GO' 
24 PRR 
25 PROMPT 
26 PRR 

28 ASTO 95 
29 CLA 
36 FS? 85 
31 XEO 'STAT' 
32 CLX 
33 CLR 
34 ARCL 95 
35 RSTO x 
36 CLR 
37 RRCL 98 

39 CLR 
40 X=Y? 
41 GTG 61 
42 1 
43 RTH 

45 -1 
46 RTN 
47 END 

e5 ARCL x 

12 TOHE e 

28 RON 

27 a m  x 

3e RSTO Y 

~ ~ * L B L  e1 

20 



Appendix  B M a t h c a l  

B~+LB: 'MRTHCAL' 
B Z ~ L B L  ei  
e: 1 
e4 S T ~  04 
e: ST+ e: 

e7 RCL e5 

e9 82 
ie - 
i i  x=e? 

86 ST*  13 

68 STO 12 

12 RTN 
13 RCL 13 
14 1 
15 - 
16 RCL 86 
17 X=Y* 
18 RTH 

2@ RCL 13 
2; ADV 
22 .TEST HUMBEE . 
23 RRtL X 
24 A V I E Y  

26+LBL 82 
27 RCL 03 

29 - 
38 2 
31 / 

19 FIX e 

25 FIX Inn 98 

2s RCL e7 

32 RCL Bi 
33 * 
34 RHD 

36 XER 'TESTSEQ' 
37 STO IND 05. 
38*L6L 63 
39 ST* 88 
4e RCL 08 
41 x=e? 
42 CTO e4 

45 RCL e5 
46 513 

48 x=e? 

51 CTO e3 
52*LBL 84 

54 STO e3 

56 RCL e5 

3s STO IWD e4 

43 1 
44 ST- 05 

47 - 
49 CTO e5 
50 RCL IWD 05 

53 RCL IND 84 

55 RCL 12 

57- 
58 RCL 84 
59 - 
68 STO 08 

61 RCL IHD 88 
62 STO e7 
63 CTO e i  
64*LBL 85 
65 RCL IND 12 
6t  1 
67 - 
6.9 x-e? 

7e RCL IHD IM 
71 STO e7 
72 RCL e1 
n STD e3 
74 GTO e? 

69 CTO 06 

75*LBL 86 
76 RCL IWD 84 
77 STO B i  
78 RCL e2 
79 STO e3  
8e CTO e7 
81*LBL 87 
82 e 
83 STO 86 
84 RCL 12 
85 STO 05 
86 CTO 81 
87 END 



Appendix  6 S t a t  

0 t U L  ' S T R l '  

83 2 
84 X < = V  

86 21 
07 STO 94 
88 RCL 21 
09 C+ 

11 S T t  94 
12 RCL 13 
13 X=Y'J 
14 RTN 
15*LBL 0; 
16 RCL INF 94 
17 T+ 
18 1 
19 ST+ 94 
20 'HERN' 
21 PRfi 
22 HEM 
23 PRX 
24 ' S L Y '  
25 PRR 
26 SDEV 
27 PRX 

29 RTN 
38 EN5 

e? RCL 13 

85 CTO e1 

ie  1 

28 any 

22 



A p p e n d i x  6 S t a t s  

Bl*LBL 'STRTS' 
62 RCL 66 
63 21 

65 STO 16 
W L 6 L  61 

68 t* 
89 1 
16 ST* 17 
I1 RCL 17 
12 RCL 16 
13 X t Y ?  

15 HERH 
16 STO 16 
17 S D E Y  
18 STO 1 1  
19 RDY 

21 'HERN' 
22 PRR 
23 'STIHULUS' 
24 PRA 
25 RDV 
26 CF 12 
27 ' L R H '  
21 CLR 
24 'IIEAH' 

31 CLR 
32 125 
33 RCCHR 

e4 4 

e7 RCL IND 17 

14 CTO e1 

28 SF 12 

36 Rca 

61 RCX 
62 SF 13 
63 RRCL 15 
64 RRCL 14 
65 RCR 
66 PRBUF 
67 CF 13 
68 RDV 
69 RDV 
76 RTN 
71 DID 

34 RCR 
35 CLR 
36 RCL 16 
37 RCX 
38 SF 13 
39 RRCL 15 
46 RRCL 14 
41 RCR 
42 PRBUF 
43 CF 13 
44 RDV 
45 RDY 
46 SF 12 
47 ' S T W R L '  
48 PRR 
49 ')EVIATIMI' 
5# PRR 
51 CF 12 
52 RDY 
53 'ST. LV.' 
w acR 
55 cLa 

SJ acmR 
am 

56 125 

59 CLR 
66 RCL 11 



Appendix 6 P l o t  

e l m  *PLOT- 
82 RCL 86 
83 1 
84 + 
85 STO ie 
86 SF 12 
a7 'PLOT- 
88 PRR 
89 7 
18 'OF' 
11 PRR 
12 'STIIIULUS' 
13 PRR 
14 CF 12 
15 RDV 
16 'X-TEST HUHBEP' 
17 PRR 
18 'Y4TIHULUS' 
19 ARCL 15 

21 RVIEY 
22 RDV 
23 4 
24 SKPCHP 
25 ' X '  
26 RCP 
27 CLR 
2e (UNITS= 1:' 
29 RCR 

31 ACCHR 
32 PRBUF 
33 RCL 82 
34 STO 86 
35 RCL 81 
36 STO 81 
3i RCL 18 
38 STO 84 

26 a m  14 

38 7 

39 138 
48 STO e2 
41 8 
42 ENTER? 
43 8 
44 BLDSPEC 
45 28 
46 BLDSPEC 
47 85 
48 BLlSPEC 
49 12: 
50 BLDSPEC 

52 BLDSPEC 
si e5 
53 28 
54 BLBSPEC 
55 e 

v STO a3 
sa XROH TRRXIS- 

S6 BLDSPEC 

59 FIX 8 
68 21 

61 STO 12 
62 1 
63 STO 11 
64*LBL 81 
65 RCL 11 
66 RCX 
67 RCL IHD 12 
68 REGPLOT 
69 1 

71 ST+ 12 
72 RCL 18 
73 RCL 11 
74 X=Y? 

76 CTO 81 

78 RDV 
79 RDV 
88 RDV 

82 XEP 'TRBLE' 

84 ADV 
85 'Y' 
66 RSTO Y 
87 CLR 
88 'RHOTHER RUN?' 
69 PRR 
98 ' t Y  OR N' 
91 PRR 
92 CLR 
93 BEEP 
94 RON 
95 PROHPT 
% PRR 
97 ROFF 

99 RDV 
1W RSTO X 
181 x-Y? 
182 XEP 'LRNCLIE' 
183 'END OF RUN' 
184 8 
195 STO 88 
196 STO 67 

188 SF 13 
189 -4.R. KOPCZEYSKI' 

111 UR 
112 'JIVISIOW 2512' 
113 PRR 
114 CF 13 
11s T M  4 
116 T M  5 
117 TOHE 6 
118 TOHE 5 

128 RTH 
121 END 

78 s i +  11 

75 CTO e2 

~ ~ + L B L  e2 

a i  RDV 

83 mv 

98 RDV 

187 PRR 

iie PRR 

119 TOHE e 
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Bl*LB! 'TIIBLE' 
62 'NO' 
63 RSTO 92 
04 'GO' 

86 SF 12 
67 'TEST' 
88 PRR 

e5 RSTO 91 

e9 ~ U L T S -  
ie PRR 

13 cLn 

I1 RDV 
1 2  CF 12 

14 RRCL 99 
15 PRR 
16 RQV 
17 'TEST' 

19 - LEVEL' 

21 * CO/NO' 

23 PRBUF 
24 1 

2 6 '  * 

27 RSTO E9 
28 PPEUF 
29 CLR 

31 RCL 87 
32 4 

33 si0 87 
34 21 
35 STO 19 
36 52 
37 STO 29 
3WLBL A 
39 RCL 88 

41 X=Y? 
42 CTO 8 
43 FIX 6 
44 RCL 88 

46 RCL 89 
47 RCX 
48 FIX ll(D 98 
49 RCL IWD 19 
58 REX 
51 PCL 69 
52 RCX 
5 J 1  
54RCLIMD26 
55 x=Y? 
56 GTO C 
57 CTO D 
5E*LBL C 
59 RRCL 91 
68 CTO E 

i e  RCR 

28 RCR 

22 am 

25 STO 8e 

38 i 

48 RCL 87 

45 acx 

61*LBL D 
62 RRCL 92 
63*LBL E 
64 RCQ 
65 PRBUF 
66 CLR 
67 1 
68 RCL Be 
69 + 
78 STO BE 
71 1 
72 RU 19 
73 + 
74 STO 19 
7 5 1  

77 4 

79 RDV 
88 GTO A 
81*LBL B 
82 RDV 
83 END 

76 RCL 28 

78 STO 28 



Appendix C 

LISTING OF MEMORY REGISTERS 

RO = 
R I  = 
R 2  = 
R3 = 
R4 = 
R5 = 
R6 = 
R 7 =  
R8 = 
R9 = 
R10= 
R I I =  
R12= 
R13= 
R14= 
R15= 
R 1 6 =  
R17= 
R18= 
R19= 

LOWER LIMIT 
UPPER LIMIT 
WORKING LOWER LIMIT 
PRINT CHARACTER 
X COUNTER 
N COUNTER 
T (NUMBER OF TESTS) 
WORKING UPPER LIMIT 
Y(PR1ME) 
TEST RESULT WORKING BUFFER 
MEAN 
STANDARD DEVIATION 
LIMIT 
R 
UNIT VALUE 
" S PAC E rr 

STATlSTlCAL CALCULATIONS 
C O U N l E R  LIMIT 
PLOTTER 
PLOTTER 

R20= COUNTER 
R2 I ---R5 1 = TEST LEVELS 
R52---R8 1 = GO & NOGO RESULTS 
R82---R88 = STATIS'J'ICS REGISTERS 
R89 = "SPACE" 
R90= "NAME OF TEST" 
R91= "GO" 
R92= "NO" 
R93= 0 
R94= 0 
R95 = "NO" 
R96= 0 

R98= 1 
R99= 0 

R97= rryrr 
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Appendix C 
R00= 108.0 
R01= 356.0 
R02= 130.1 
R03: 'e-UN' 
R04= 294.6 
Res= 54.0 
m= 1.8 
R07= 186.6 
m= 9.8 
Re* 0.0 

R l l =  16.9 
R12= 36.9 
R13= 16.0 
R14= 'DEL F' 
R15= ' ' 
P16= 36.0 
R17= 36.0 
R18= 16.0 
R14= 36.0 
R28= 67.0 
R21= 225.9 
R22= 162.5 
R23= 193.8 
R24= 178.2 

~ i g =  294.8 

P25= 186.8 
R26= 268.8 
R27= 227.8 
R28= 202.6 
U29: 214.8 
R30= 241.4 
R31= 228.1 
132. 215.4 
R33= 157.7 
R34= 186.6 
R3S= 172.2 
R36= 0.0 
R37= O.B 
R38= 0.0 
R39= 0.0 
RIB= 9.0 
R4l= 0.0 
1142. 0.9 
R43= 8.9 . 
R44= S.9 
R45s 0.8 
R46= 8.9 
R47= 9.0 
R48= 8.8 
R4P. 9.0 
RSB= 8.9 
el= 0.0 

MJ= -1.9 
R54= 1.0 
e5= -1.0 

R57= 1.0 
R58= 1.9 
ass= -1.0 
R69= -1.9 

152. 1.a 

~ 5 6 .  -1.a 

R61= 1.0 
R62= 1.9 
R63= 1.0 
R64= -1.9 
R65= 1.0 
R66: -1.0 
R67= 0.0 
R68= 9.0 
R69= 0.0 
179: 9.0 
R?l= 9.0 

R73= 9.0 ~ 

R74: 0.0 
R75= 0.8 
R76= 0.0 
R77= 9.0 

117% 0.0 

R?B= 0.8 
~ 7 9 =  a.9 
me= 9.0 
R81= 0.0 
Rs2= 3,859.3 
R83= 637,522.2 
R04= 540.0 
m= i 9 , w . e  
186; 110,134.8 
R87= 0.0 
R88= 9.8 
R89= - - 
R90= 'SRRPLE' 
R91= -Go- 
R92= -Ma- 
b3= 9.9 
R94= 9.0 
R9!k -nu- 
R96= 9.8 
b?= 'Y' 
R98= 1.B 
R99= 0.0 
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